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Abstract We aimed to determine whether the
Framingham risk score (FRS), systematic coronary
risk evaluation (SCORE), and Chinese multi-provin-
cial cohort study (CMCS) could predict anatomic
severity of coronary plaques. From January 2007 to
October 2010, we performed a contrast-enhanced
64-slice or 256-slice multidetector computed tomog-
raphy coronary angiography as part of a health check-
up protocol in 806 asymptomatic subjects (70.5%
male, 56 + 9 year-old). Risk scores significantly
correlated with calcium volume score, plaque steno-
sis score and plaque distribution score (P < 0.001).
Of the 3 risk scores, the SCORE system showed the
best correlation. Overall, 180 (22%) and 37 (5%)
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subjects were found to have stenosis of 50-69% and
more than 70% in at-least one coronary artery
segment, respectively. In the prediction of the
presence of obstructive CAD (>50% diameter ste-
nosis), all risk scores had similar discrimination. In
the prediction of severe CAD (>70% diameter
stenosis), FRS and CMCS had similar area under
curves but SCORE discriminated better than FRS
(P < 0.05). The optimal cutoff point to predict
obstructive CAD was 9.54% for FRS, 1.05% for
CMCS, and 0.95% for SCORE, whereas to predict
severe CAD was 9.63, 1.05, 1.15% for FRS, CMCS,
SCORE, respectively, with a sensitivity of 0.61-0.70
and a specificity of 0.55-0.66. Cardiovascular risk
scores are associated with the severity and extent of
coronary artery plaque. The stronger association
might translate into a better discrimination using
SCORE. These findings will aid in the appropriate
selection or recalibration of the risk assessment
system for cardiovascular disease screening.

Keywords Coronary artery plaque - Multidetector
computed tomography - Obstructive coronary artery
disease - Risk score

Introduction

Both risk score and plaque imaging have been

proposed as important tools in risk assessment. Plaque
imaging with 64-slice or 256-slice multidetector
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computed tomography (MDCT) has been verified by
invasive coronary angiography as a good diagnostic
tool in detecting obstructive coronary artery disease
(CAD) [1, 2]. Moreover, consistent with previous
studies using conventional angiography and intravas-
cular ultrasound, CAD severity detected by MDCT
angiography can accurately predict major adverse
cardiac events for the subsequent 18 months [3, 4].

Accurate identification of individuals at risk of
coronary events is highly desirable. For the purposes
of cardiovascular risk assessment in healthy individ-
uals, most clinicians use a combination of traditional
risk factors. Among the various risk-estimation
systems, the Framingham Risk Score (FRS) is the
most commonly used to predict 10-year cardiovas-
cular risk [5]. Because the original Framingham
functions overestimated the cardiovascular risk in the
Chinese population, a prediction model specific to the
Chinese population has been established on the basis
of the Chinese Multi-provincial Cohort Study
(CMCS) [6]. Based on a substantially larger dataset
that contains 205,178 persons, the Systematic COr-
onary Risk Evaluation (SCORE) model is the risk
assessment system recommended by the European
Third Joint Task Force on cardiovascular disease
prevention [7].

Indeed, the above 3 cardiovascular risk scores are
well recognized for their associations with clinical
events and acute coronary syndromes, but to be
clinically useful, a cardiovascular risk-estimation
system should be strongly associated with coronary
plaques, especially coronary plaque distribution and
stenosis severity. Data on the association of risk
scores and plaque severity are limited [8, 9]. Hence,
this study was performed to assess the relationship
between risk scores and plaque severity and compare
the accuracy of risk scores to predict obstructive
CAD.

Materials and methods

Subjects

Study participants were enrolled from consecutive
subjects who underwent MDCT coronary angiography
as part of a general health check-up protocol at the

National Taiwan University Hospital between January
2007 and October 2010. The major exclusion criteria
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were irregular heartbeats during the MDCT procedure,
serum creatinine levels >2.0 mg/dL, known hyper-
sensitivity to iodine-based contrast agents, history of
exertional chest tightness or prior known CAD, overt
liver disease, hypothyroidism, alcohol, or drug abuse.
The ethics committee approved the study protocol and
all subjects provided written informed consent. Struc-
tured questionnaires on family history, lifestyle habits,
and medical history were collected, as well as
anthropometric measurements, such as body weight,
body height, and waist circumference. Blood pressure
was measured in a resting position. All biochemical
measurements, including glucose, total cholesterol,
total triglycerides, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, uric acid, and
creatinine concentrations were measured using a
Hitachi 7450 automated analyzer (Hitachi, Tokyo,
Japan). The coefficients of variation of these measure-
ments were approximately 5%.

Cardiovascular risk assessment

The Framingham score is based on data from a
sample of the Framingham Heart studies [5]. The
defining risk factors for Framingham risk scores are
age, cigarette smoking, blood pressure, total choles-
terol, high-density lipoprotein cholesterol, and dia-
betes. The categories for continuous variables of age,
systolic blood pressure, LDL cholesterol, and HDL
cholesterol are based on the National Cholesterol
Education Program Adult Treatment Panel II (ATP-
II) guidelines [10]. FRS is used to predict the 10-year
risk of coronary events (fatal/nonfatal myocardial
infarction or sudden death). A FRS value < 10, 10%
to 20, or > 20% indicates a low, intermediate, or high
risk for coronary events. The CMCS score is the
Chinese recalibration version of the Framingham
function [6]. Thus, the discrimination of the CMCS
function remains virtually the same with the original
Framingham risk function. The cohort comprised of
30,121 participants aged 35-64 years from 11 Chi-
nese provinces that were followed up for 12 years.
For each patient, 10-year risk of coronary events was
predicted. The SCORE risk assessment system was
derived from a large (205,178 participants) data set of
prospective European studies [7]. The SCORE risk
used the following variables: sex, age, total choles-
terol, systolic blood pressure, and smoking. The
SCORE chart did not directly comprise diabetes as a
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variable. The score risk in diabetic patients is
multiplied twofold in men and fourfold in women.
SCORE predicts the 10-year risk of cardiovascular
fatal events. A SCORE value higher than 5%
indicates a high risk for cardiovascular fatal events.

MDCT analysis

Subjects, without contraindications, received propran-
olol or diltiazem targeting a heart rate of < 65 bpm
and nitroglycerin 0.4 mg sublingually before image
acquisition. Cardiac MDCT was performed using a
64-slice scanner (LightSpeed VCT, GE Healthcare,
Milwaukee, WI, USA) or a 256-slice scanner (Bril-
liance iCT, Philips, Eindhoven, The Netherlands).
Initial unenhanced axial CT imaging of the heart was
obtained with prospective ECG trigger for the purpose
of coronary artery calcium scoring (Agatston method).
Then, nonionic contrast media (iopromide; Ultravist
370 mgl/mL, Bayer HealthCare) was injected using a
dual-barrel injector (Stellant D, Medrad). Contrasten-
hanced CT was performed with images obtained from
the mid ascending aorta to the diaphragm. The
scanning parameters for 64-slice scanner were
0.625 mm slice thickness, 120 kV tube voltage and
0.35 s tube rotation time. The scanning parameters for
256-slice scanner were 0.8 mm slice thickness,
120 kV tube voltage and 0.27 s tube rotation time.
The tube current was adjusted based on subjects’ body
mass index. When heart rate was < 65/min, prospec-
tive ECG triggering was used and the images were
obtained at 70, 75 and 80% of the cardiac cycle. When
heart rate was > 65/min, retrospective gating was used
and the images were reconstructed at 40, 45, 55, 70, 75
and 80% of the cardiac cycle. The estimated radiation
dose using a 64-slice scanner or a 256-slice scanner
was 5.1 &+ 1.60r5.6 £ 1.7 mSv, respectively with the
use of prospective ECG triggering and 16.6 £ 4.4 or
13.8 £ 4.6 mSv, respectively with the use of retro-
spective ECG gating.

MDCT was performed by an experienced investi-
gator (Lee WJ) who was unaware of the subjects’
clinical information. A 17-segment model of the
coronary arteries was used for the evaluation and
visual semi-quantification of coronary artery plaque
[3, 11]. In each coronary artery segment, coronary
atherosclerosis was defined as tissue structures
> 1 mm? that existed either as (1) calcified plaques
with high density compared to the contrast-enhanced

vessel lumen, (2) noncalcified plaques with lower
density, or (3) mixed (calcified and non-calcified
morphologies). We adopted two coronary artery
plaque scores constructed by Min et al. [12] to assess
the severity of coronary plaques, segment-stenosis
score and segment-involvement score. Briefly, the
segment stenosis score was used as a measure of
overall coronary artery plaque extent. Each individual
coronary segment was graded as normal, mild
(< 50%), moderate (50-69%), or severe (> 70%)
based on extent of obstruction of coronary luminal
diameter. Then the extent scores of all 17 individual
segments were summed to yield a total score ranging
from O to 51. As a measure of overall coronary artery
plaque distribution, a segment involvement score was
calculated as the total number of coronary artery
segments exhibiting plaques, irrespective of the degree
of luminal stenosis within each segment (mini-
mum = 0; maximum = 17). The same method was
used to sum segments according to plaque composition
(isolated calcified, isolated noncalcified plaque, and
mixed plaque). Moreover, the presence of one or more
stenoses with >50% reduction in luminal diameter in at
least one major epicardial coronary artery or its
branches was defined as obstructive CAD, whereas
that with >70% reduction in luminal diameter was
defined as severe CAD.

Statistical analysis

Demographic data and risk factors are expressed as
mean = standard deviation or median (25th to 75th
percentile), and frequencies are given as counts (%).
Data were tested for normal distribution prior to
utilization in parametric analysis. Differences in
group means or proportions were assessed using
analysis of variance followed by a Tukey’s test or
Pearson chi-square test as appropriate. In variables
not normally distributed, differences in group medi-
ans were assessed by the Kruskal-Wallis test. The
associations with risk scores were assessed by the
age- and sex-adjusted partial correlations and Spear-
man’s tho. The area under the receiver-operating
characteristic curve (ROC) was used to compare the
discriminatory capability among the 3 risk assess-
ment systems. Statistical differences in the area under
the receiver operating characteristic curves were
compared using the non-parametric method. The
2 x 2 contingency tables divided by optimal cut-off
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point were generated for risk scores versus obstruc-
tive CAD or severe CAD. Cohen’s kappa was
measured to check the agreement. A probability
value of P < 0.05 was considered significant. All
calculations were performed with SPSS statistical
software (SPSS 15.0 version for windows, SPSS,
Chicago, IL, USA).

Results
Baseline characteristics

The study cohort consisted of 806 subjects without
exertional chest tightness or prior known CAD
(Table 1). Mean age was 56 & 9 years (range 22-83
years), and 568 (70.5%) were men. The prevalence of
diabetes, hypertension, hypercholesterolemia, and
smoking were 9.3, 28.8, 17.0, and 14.3%, respectively.
With increasing severity of coronary stenosis, subjects
were likely to be older, male and obese and had lower
HDL and higher LDL, glucose, creatinine, blood
pressure, C-reactive protein, calcium score and plaque
scores. Subjects with obstructive CAD (>50% diameter
stenosis) were more likely to be receiving lipid-lowering
drugs. Thus, the trend of a higher level of total
cholesterol among patients with obstructive CAD did
not reach statistical significance. No difference was
observed for smoking or cardiac function between
patients with and without obstructive CAD.

Coronary artery plaques

Coronary artery plaques were detected in 480 (60%)
subjects. After the exclusion of 171 (1.2%) coronary
segments with insufficient image quality, plaques of
any type were shown in 1,389 (10%) segments.
Majority of plaques were calcified (44%), followed
by mixed (30%) and noncalcified (26%). However,
on a per segment analysis, mixed plaques were more
obstructive at the 50% thresholds (53%), as compared
to noncalcified plaques (32%) and calcified plaques
(15%). Moreover, at the 70% thresholds, mixed
plaques (48%) and non-calcified plaques (43%) were
often more obstructive than calcified plaques (10%).
Within respective composition categories, mixed
plaques were more obstructive at the 50% thresholds
(58%), as compared to noncalcified plaques (40%)
and calcified plaques (11%). At the 70% thresholds,
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mixed plaques (7%) and non-calcified plaques (7%)
were often more obstructive than calcified plaques
(1%).

Cardiovascular risk assessment

Overall, the median FRS, CMCS, and SCORE were
8.6%, 1.0%, and 0.9%, respectively (Table 1), indi-
cating that the cohort had a low-to-intermediate risk
for the development of future cardiovascular events.
According to the Framingham risk score, 59.8% of
subjects were at low risk, 31.1% at intermediate risk
and 9.1% at high risk. An increase in the prevalence
of obstructive CAD (18.6% low vs. 35.8% interme-
diate vs. 50.6% high) was observed across the FRS
categories (P < 0.001). In contrast, only 42 (5.2%) of
subjects were categorized into high risk according to
SCORE risk. An increase in the prevalence of
obstructive CAD (23.6% non-high vs. 66.6% high)
was also observed across the SCORE categories
(P <0.001). Notably, 41.6% of patients with
obstructive CAD fell into the low-risk FRS category
and 25.1% of patients with no visible plaque fell into
the intermediate-risk and high-risk FRS categories.

Risk scores and coronary artery disease

The correlations of various risk scores with calcium
score and plaque scores were modest but significant
(Table 2). Moreover, risk scores correlated better
with total plaque scores than with isolated individual
plaque scores. After adjustment for age and sex, risk
scores correlated more strongly with segment-steno-
sis scores than with segment-involvement scores
(Table 3). In risk scores, SCORE had a stronger
association with calcium score and plaque scores than
CMCS or FRS, even after controlling for age and sex.
Within respective plaque composition categories,
Spearman’s rho correlations with the risk scores
were calcified, mixed and noncalcified, in descending
order.. However, after adjustment for age and sex, the
relation of risk scores to calcified plaque became
insignificant. In the prediction of the presence of
obstructive CAD, all risk scores had similar discrim-
ination. The areas under the ROC curves for FRS,
CMCS, and SCORE were 0.67 (95% CI, 0.62-0.71),
0.67 (95% CI, 0.63-0.71) and 0.70 (95% CI,
0.66-0.74), respectively, indicating that risk scores
significantly discriminated between the presence and
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Table 1 Baseline characteristics of the study population based on degree of coronary stenosis
All subjects Normal Mild (<50%) Moderate (50-69%) Severe (>70%) P value*
(n = 806) (n = 326) (n = 263) (n = 180) (n = 37)

Age (years) 56 +9 52+9 57+9 59+9 62 +9 <0.001
Male sex 568 (70.5) 194 (59.5) 203 (77.2) 139 (77.2) 32 (86.5) <0.001
BMI (kg/m?) 252 + 3.6 247 + 34 253+ 40 259 +33 253 +24 0.006
Waist circumference (cm) 90 + 9 88 £ 9 90 £ 9 91 £ 11 91 £ 8 0.004
Total cholesterol (mg/dL) 202 + 35 201 + 33 203 + 35 205 + 38 192 + 39 0.162
LDL cholesterol (mg/dL) 118 + 31 115 £ 29 120 £+ 30 123 £+ 36 113 + 30 0.015
HDL cholesterol (mg/dL) 46 £ 11 48 £ 12 47 £ 12 44 + 10 42 + 11 0.002
Triglyceride (mg/dL) 133 £ 79 129 £ 79 128 + 74 142 £ 78 153 £ 108 0.107
Use of lipid-lowering drugs 118 (14.6) 29 (8.9) 39 (14.8) 41 (22.8) 9 (24.3) <0.001
Hypertension 232 (28.8) 59 (18.1) 78 (29.7) 74 (41.1) 21 (56.8) <0.001
Systolic blood pressure 121 £ 15 117 £ 15 121 + 14 126 + 15 126 £ 15 <0.001
Diastolic blood pressure 73 £ 10 71 £ 11 72 £ 10 74 £ 10 76 £ 11 0.002
Smoking 115 (14.3) 48 (14.7) 32 (12.2) 28 (15.6) 7 (18.9) 0.59
Diabetes mellitus 100 (12.4) 20 (6.1) 36 (13.7) 35 (19.4) 9 (24.3) <0.001
Glucose (mg/dL) 100 £ 23 95 + 19 102 £ 26 106 £ 25 105 £ 21 <0.001
CRP (mg/L) 0.9 (0.5/1.9) 0.9 (0.5/1.7) 0.8 (0.4/1.6) 1.1 (0.7/2.5) 1.1 (0.7/1.8) 0.001
Creatinine (mg/dL) 1.0 £ 0.18 0.96 + 0.17 1.02 £ 0.18 1.02 + 0.17 1.12 £ 0.24 <0.001
FRS (%) 8.6 (5.4/13.4) 6.7 (4.3/10.0) 9.1 (5.9/144) 11.8 (7.5/16.6) 10.1 (6.6/22.8)  <0.001

Low risk (< 10%) 482 (59.8) 244 (74.8) 148 (56.3) 74 (41.1) 16 (43.2) <0.001
Intermediate risk (10-20%) 251 (31.1) 73 (22.4) 88 (33.4) 79 (43.9) 11 (29.7) <0.001

High risk (> 20%) 73 (9.1) 9 (2.8) 27 (10.3) 27 (15) 10 (27) <0.001
CMCS (%) 1.0 (0.5/1.8) 0.7 (0.4/1.1) 1.2 (0.7/2.0) 1.5 (0.9/2.5) 1.5 (0.9/3.7) <0.001
SCORE (%) 0.9 (0.4/1.8) 0.5 (0.2/1.1) 1.0 (0.5/2.1) 1.3 (0.7/3.0) 1.5 (0.9/4.2) <0.001

High risk (> 5%) 42 (5.2) 2 (0.6) 12 (4.6) 21 (11.7) 7 (18.9) <0.001
Calcium score 0 (0/55) 0 12 (0/50) 95 (23/314) 254 (86/777) <0.001
Segment-stenosis score 1 (0/3) 0 1 (1/2) 5 (4/7) 9 (7/12) <0.001
Segment-involvement score 1 (0/3) 0 1(1/2) 4 (2/5) 5 (3.5/6) <0.001
LVEF (%) 68 + 8 68 + 8 68 £ 8 68 + 8 67 £ 8 0.77

Data are expressed as n (%), mean + standard deviation, or median (1st/3rd quartile)

BMI body mass index, CMCS Chinese multi-provincial cohort study, CRP C-reactive protein, FRS Framingham risk score, HDL
high-density lipoprotein, LDL low-density lipoprotein, LVEF left ventricular ejection fraction, SCORE systematic coronary risk

evaluation

* Comparison of the subjects with increasing severity of coronary stenosis

absence of obstructive CAD (Fig. 1). In the predic-
tion of the presence of severe CAD (Fig. 2), FRS and
CMCS had similar area under the ROC curve (0.63
[95% CI, 0.53-0.73], 0.65 [95% CI, 0.56-0.74],
respectively) and SCORE discriminated better than
FRS (0.71 [95% CI, 0.63-0.78] vs. 0.63 [95% CI
0.53-0.73], P < 0.05). The optimal cutoff points of
risk scores to predict severe CAD was similar to or
slightly higher than that to predict obstructive CAD,
indicating a risk accumulation process from less
obstructive CAD to severe CAD (Tables 4, 5). At the

threshold set by optimal cutoff points, Cohen’s kappa
was 0.23 for obstructive CAD but 0.05-0.07 for
severe CAD, indicating a fair agreement between the
risk scores and obstructive CAD but a weak agree-
ment between the risk scores and severe CAD.

Clinical outcomes
Overall, 180 (22.3%) and 37 (4.6%) were found to

have moderate stenosis (50-69%) and severe stenosis
(=>70%) in at-least one coronary artery segment,
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Table 2 Correlations of

. . Variables FRS CMCS SCORE

risk scores with age, sex,

calcium score and plaque Age 0.52% 0.45% 0.78%

scores
Sex 0.48%* 0.57%* 0.40%*
Calcium score 0.37* 0.40% 0.46*
Total plaque segment-stenosis score 0.37* 0.40% 0.44*
Total plaque segment-involvement score 0.37% 0.40% 0.44%*
Noncalcified plaque segment-stenosis score 0.22% 0.24* 0.24*
Noncalcified plaque segment-involvement score 0.22% 0.24* 0.23*
Mixed plaque segment-stenosis score 0.25* 0.29* 0.31*
Mixed plaque segment-involvement score 0.25% 0.30%* 0.31%*
Calcified plaque segment-stenosis score 0.27* 0.27* 0.33*

Abbreviations same as Calcified plaque segment-involvement score 0.28% 0.28% 0.33*

Table 1. * P < 0.001

Table 3 Age- and sex- Variables FRS CMCS SCORE

adjusted partial correlations

between risk scores, Calcium score 0.08" 0.08" 0.21%

calcium score and plaque . .

scores Total plaque segment-stenosis score 0.18* 0.17* 0.26*
Total plaque segment-involvement score 0.14* 0.14* 0.18*
Noncalcified plaque segment-stenosis score 0.14%* 0.14* 0.17*
Noncalcified plaque segment-involvement score 0.09" 0.08" 0.09"
Mixed plaque segment-stenosis score 0.11% 0.13* 0.20*
Mixed plaque segment-involvement score 0.11° 0.12° 0.17%*

Abbreviations same as Calcified plaque segment-stenosis score 0.05 0.02 0.077

Table 1. * P < 0.001; Calcified plaque segment-involvement score 0.04 0.03 0.05

TP <005

respectively. Stress/rest thallium-201 myocardial per-
fusion imaging or treadmill exercise testing was
performed in 101 (56%) subjects with moderate
stenosis and 21 (57%) subjects with severe stenosis.
Of the subjects with stress testing, myocardial
ischemia was found in 15 (15%) with moderate
stenosis and 15 (71%) with severe stenosis. In
subjects with evidence of myocardial ischemia, 10
(71%) with moderate stenosis and 14 (93%) with
severe stenosis underwent percutaneous coronary
intervention. In these 24 patients, the sensitivity,
specificity, accuracy, PPV and NPV of MDCT were
85, 100, 92, 100 and 85%, respectively to detect
significantly stenotic lesions (>50% diameter steno-
sis), using invasive coronary angiography as the
standard of reference on a per-segment analysis.

Discussion

To the best of our knowledge, this is the first study
that reports on the comparison of various
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cardiovascular risk scores with CAD severity, using
64-slice or 256-slice MDCT, in a cohort of apparently
healthy individuals without a history of coronary
interventions. The main findings are the following:
(1) the cohort had a low-to-intermediate risk for the
development of future cardiovascular events but a
relatively high prevalence of obstructive CAD; (2)
risk scores correlated well with calcium scores and
plaque scores; (3) risk scores significantly predicted
obstructive CAD but the discrimination accuracy of
risk scores changed with advancing CAD.

MDCT coronary angiography in individuals with-
out known CAD is an effective noninvasive alterna-
tive to invasive coronary angiography to detect
obstructive CAD. In patients with suspected but
undocumented CAD, the prevalence of obstructive
CAD demonstrated by MDCT is 18-35% [3, 8, 9, 13,
14] in whites. A similar prevalence rate of obstructive
CAD (27%) was found in the present study. More-
over, Johnson et al. found 9% of 1,653 patients
without previously known CAD (66% male, 53 +
10 year-old, >90% white, median FRS 8%) had
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Fig. 1 Receiver operating characteristic curves for various
risk scores to discriminate obstructive coronary artery disease.
The risk scores similarly and significantly discriminated the
obstructive coronary artery disease. FRS Framingham risk
score, ROC receiver operating characteristic curve, CMCS
Chinese multi-provincial cohort study, SCORE systematic
coronary risk evaluation
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Fig. 2 Receiver operating characteristic curves for various
risk scores to discriminate severe coronary artery disease.
Among the three risk scores, SCORE discriminated best for the
severe coronary artery disease. FRS Framingham risk score,
ROC receiver operating characteristic curve, CMCS Chinese
multi-provincial cohort study, SCORE systematic coronary risk
evaluation

severe CAD [8], whereas only 4.6% of subjects had
severe CAD in the present study, indicating that
Chinese have less severe CAD than whites under
similar Framingham risk score. In Asian studies,
Jeong et al [15] studied 1,529 middle-aged asymp-
tomatic Korean adults with 64-slice CT scan.
Obstructive CAD was identified in 52 (9.3%) indi-
viduals. Iwasaki et al [16] investigated the prevalence
of coronary plaques in the Japanese population with a
low-to-intermediate risk for coronary artery disease.
Obstructive CAD was detected in 91 patients
(21.9%). Thus, the prevalence of obstructive CAD
detected by MDCT differs widely among various
populations in Asia.

In the prognosis study by Chow et al. [3] with
64-slice MDCT, patients with obstructive CAD had an
annual coronary event rate of 2.7% (i.e. 10-year risk
27%). In contrast, the present study cohort had a
median 10-year risk of 8.6% by FRS, significantly
lower than the data by Chow et al [3]. These findings
suggest Chinese have similar CAD prevalence but less
10-year coronary events compared to whites. This
difference would be explained by the slower progres-
sion of coronary artery calcification and the low age-
standardized death certification rates from coronary
artery disease [17, 18]. Notably, coronary events are
not just a matter of stenosis severity but also of plaque
stability [3, 19, 20]. Whether Chinese have more stable
plaques than whites needs further studies, which may
inform clinical interpretation and provide a rationale
for more aggressive risk factor modification, even in
asymptomatic subjects with low-to-moderate risk [21].

We found that risk scores correlated well with
calcium scores and plaque scores, especially the
segment-stenosis score of the total plaques. This
finding suggests that the actual target which clinical
risk scores measure is the total plaque extent and
stenosis severity. However, the major determinants of
coronary plaques in the coronary events are a large
plaque burden, a small luminal area and a thin-cap
fibroatheroma, as determined by intravascular ultra-
sonography [22]. Thin-cap fibroatheromas are most
frequently observed in mixed plaques as compared
with noncalcified and calcified plaques [23]. In the
present study, risk scores correlated well but not good
enough with the severity of mixed plaques. This
clearly indicates that risk scores currently miss a
substantial number of factors responsible for major
adverse cardiovascular events.
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Table 4 Optimal cut-off point and agreement of risk scores for identifying obstructive CAD patients

Cut-off value Sensitivity Specificity Positive likelihood Cohen’s x

(95% CI) (95% CI) ratio (95% CI)
FRS 9.54 61 (54-67) 66 (62-70) 1.77 (1.8-2.0) 0.23 (0.16-0.29)*
CMCS 1.05 67 (61-74) 61 (57-65) 1.73 (1.5-1.9) 0.23 (0.17-0.29)*
SCORE 0.95 67 (60-73) 61 (57-65) 1.73 (1.5-1.9) 0.23 (0.17-0.29)*

Abbreviations same as Table 1. * P < 0.001

Table 5 Optimal cut-off point and agreement of risk scores for identifying severe CAD patients

Cut-off value Sensitivity Specificity Positive likelihood Cohen’s x

(95% CI) (95% CI) ratio (95% CI)
FRS 9.63 62 (45-78) 60 (56-64) 1.56 (1.2-2.0) 0.05 (0.01-0.08)*
CMCS 1.05 70 (53-84) 55 (51-58) 1.55 (1.2-1.9) 0.05 (0.01-0.08)*
SCORE 1.15 68 (50-82) 62 (59-66) 1.79 (1.4-2.2) 0.07 (0.03-0.10)*

Abbreviations same as Table 1. * P < 0.001; P <001

Calcium score and plaque scores provide incre-
mental prognostic value over risk scores to predict
coronary events [3, 12, 13, 24]. We observed that
calcium score and plaque scores were modestly
correlated with risk scores as follows in descending
order: SCORE, CMCS, and FRS. Coronary artery
calcium and plaque are parts of CAD development
and occur exclusively in atherosclerotic CAD and are
absent in normal arteries [25]. The progression of
coronary calcium and artery plaque associates with
increased risk of coronary events, whereas stable
calcium score and plaque associates with lower risk
of coronary events [3, 26]. Based on these findings,
one may speculate that the risk score which is well
correlated with calcium and plaque scores may have
additional benefits in risk assessment. This specula-
tion could be partly verified by the observation that
the discrimination accuracy of SCORE was better
than CMCS and FRS, especially in the prediction of
severe CAD, a condition associated with higher
calcium and plaque scores.

Obstructive CAD precedes the coronary events
[22]. If a risk assessment system can predict that the
contemporary severity of CAD existed, then it may
better predict future coronary events as well. In the
present study, the areas under the curves of cardio-
vascular risk scores to discriminate the presence
of obstructive or severe CAD are in the region of
0.63-0.71. However, the usual areas under curves of
risk scores to discriminate coronary events have been
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reported to be in the region of 0.75-0.80 [5-7],
indicating that the risk scores predict coronary events
better than obstructive CAD. With advancing age,
coronary arteries become narrower with more calci-
fication and plaques. Since risk scores have a
significant relationship with calcium score and total
plaque scores, increased coronary calcium and plaque
over time may partly explain why the area under the
curve is larger for the prediction of coronary events
than for the prediction of the present obstructive
CAD.

In the present study, the risk score categories
divided by optimal cut-off point had a fair agreement
with obstructive CAD but a weak agreement with
severe CAD. Similar kappa values between the FRS
risk categories and the plaque categories have been
described by others [8]. Cohen’s kappa, a measure of
agreement corrected for chance is dependent on the
quality of the test and on the prevalence of the disease
in the population in which the test is applied. Both
64-slice or 256-slice MDCT possesses high diagnos-
tic accuracy for detection of obstructive coronary
stenosis at both thresholds of 50 and 70% stenosis [1,
2]. On the other hand, we found a total of 14.6% of
subjects received statin treatment for hyperlipidemia,
especially in subjects with obstructive CAD. Obyvi-
ously, statin therapy significantly lowers the risk
scores by decreasing the total cholesterol or LDL
level. However, even with high-dose statin therapy, it
still takes 18-24 months to diminish atheroma
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volume by 0.4—1% [27, 28]. Thus, the risk scores
likely underestimate plaque extent in patients receiv-
ing the lipid-lowering drug for less than a decade.
After all, the weak agreement with severe CAD could
be attributed to statin use and low disease prevalence.

Study limitations

Several study limitations should be considered when
interpreting these findings. First, invasive coronary
angiography and MDCT differ significantly in esti-
mating the presence and nature of CAD [29]. Overall
correlation between invasive coronary angiography
and MDCT for detection of CAD was poor (kappa =
0.25). The false-positive rate of MDCT for detecting
significant coronary artery stenosis was high (55.8%)
[15]. However, plaque volumes measured by 64-slice
MDCT and intravascular ultrasound correlate well
(r =0.84, P < 0.0001), without systematic underes-
timation [30]. The sensitivity and specificity of MDCT
to detect stenoses greater than 50% by invasive
coronary angiography are excellent with the adminis-
tration of nitroglycerin before imaging. Second, the
study population was not a representative sample from
the general population, which limited external gener-
alization. Participants in our study were Chinese and
FRS was known to overestimate Chinese’ cardiovas-
cular risk; thus, the value of FRS was higher than that
of CMCS or SCORE. With this limitation in mind,
FRS had similar discrimination accuracy to the other
scores for detecting obstructive CAD. Thus, FRS is
still a useful tool for risk stratification in the Chinese
population. Further studies are needed to demonstrate
whether the results could be applicable to different
racial groups. Finally, we did not have data on the
outcomes related to CAD severity to determine which
risk scores might be more predictive of coronary
events.

Conclusion

In asymptomatic ethnic Chinese population, risk
scores could significantly predict the presence of
obstructive CAD. Of the 3 risk scores, SCORE
system correlated best with coronary calcium and
plaque severity. This association might translate into
better discrimination in predicting severe CAD.

These findings will aid in the appropriate selection
or recalibration of the risk assessment system in
cardiovascular disease screening. Further evaluation
of coronary artery system using MDCT will be
needed in patients who have higher cardiovascular
risk scores.
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